Autoimmune thyroid disease (AITD) comprises Graves' disease (GD) and Hashimoto's thyroiditis (HT). IL37 has been recently proved to be a natural suppressor for innate immunity and acquired immunity. Therefore, this study was conducted to identify the association of IL37 genetic polymorphisms with AITD in Chinese Han population. Polymorphisms of rs3811046/rs3811047/rs2723176/rs272186 in the IL37 gene were assessed in a case-control study comprising 701 GD patients, 301 HT patients and 939 controls. Genetic variants were genotyped by multiplex polymerase chain reaction and ligase detection reaction. The frequencies of the minor allele A of rs2723176 and A of rs2723186 were significantly lower in the GD patients than in the controls (PZ0.014, ORZ0.774; PZ0.014, ORZ0.777). After gender stratification, the rs3811046 G allele and the rs3811047/rs2723186 A allele were both significantly associated with a decreased risk of GD in female patients (PZ0.030, ORZ0.777; PZ0.023, ORZ0.774; PZ0.029, ORZ0.761). However, none of the four single nucleotide polymorphisms of IL37 gene showed any significant association with HT. Moreover, haplotype analysis revealed the GCG haplotype conferred increased risk for GD as a whole and in female GD patients (ORZ1.213; ORZ1.320). The ACG haplotype was associated with an increased risk of HT as a whole (ORZ1.567) and in male GD patients (ORZ1.820). In contrast, the AAA haplotype showed a protective role for GD as a whole (ORZ0.760) and in female GD patients (ORZ0.765). Our study strongly supports that the IL37 gene variants are associated with the susceptibility to AITD.
Introduction
Autoimmune thyroid diseases (AITDs), typically including Graves' disease (GD) and Hashimoto's thyroiditis (HT), are the most common organ-specific autoimmune disorders, affecting up to 5% of the overall population (Tomer & Huber 2009 ). GD and HT represent the major portion of clinical expressions of thyroid dysfunction but differ in their clinical presentations as well as pathophysiology. HT is a T cell-mediated organ-specific autoimmune disease characterized by lymphocytic infiltration that leads to thyroid cells loss, clinically manifested as hypothyroidism (Antonelli et al. 2015) . In contrast, GD is characterized by hyperthyroidism due to overproduction of thyroid hormone induced by specific auto-antibodies against thyrotropin receptor (TSHR) (Morshed et al. 2012) .
The etiology of GD and HT involves common and unique pathways. Both diseases carry thyroid T cells that escape the immune tolerance process and infiltrate the thyroid. However, distinct pathways lead thyroid-reactive T cells to cause either apoptosis of thyroid cells in HT or their overgrowth in GD (Tomer 2010) . The current paradigm is that AITDs are multifactorial diseases. Several factors, including genetic, hormonal, environmental and nutritional elements, are involved in the initiation and/or development of AITDs. However, the pathophysiologic changes seen in AITDs are mediated by inflammatory cytokines (Ganesh et al. 2011) . Cytokines are crucial regulators to promote or suppress inflammation. Single nucleotide polymorphisms (SNPs) of inflammatory cytokines may change the transcription rate and consequently the production of cytokines (Dominici et al. 2002 , Wen et al. 2006 , Prasad et al. 2010 , and thus may modify individual susceptibility to AITDs. Various cytokines and respective genetic polymorphisms have been reported to be associated with AITD, but the results are inconsistent (Chen et al. 2005 , Shiau et al. 2006 , Anvari et al. 2010 , Liu et al. 2010 , Yan et al. 2012 .
The interleukin 1 gene family (IL1F) cluster is located on chromosome 2q13, within a 36kb region, including IL1A, IL1B, IL1F7, IL1F9, IL1F6, IL1F8, IL1F5, IL1F10 and IL1RN (Nicklin et al. 2002) . The IL1 molecule has extensive biological effects, among which is its ability to partly or entirely activate and enhance the function of mononuclear cells, neutrophils and phagocytes and promote them to release inflammatory mediators; it also mediates immune response and inflammation reactions. A genomewide scan has identified that a region including IL1 family gene cluster is linked to ankylosing spondylitis (AS) susceptibility (Miceli-Richard et al. 2004 , Timms et al. 2004 . This linkage finding was later confirmed by one family-based association study in western Canadian family population (Zhang et al. 2004) . IL37 was formerly termed as an IL1 family member 7 (IL1F7). Studies have shown that the biological properties of IL37 are mainly those of downregulating the production of pro-inflammatory cytokines and protecting mice from inflammatory and autoimmune diseases, as assessed in models where human IL37 is expressed in mice (McNamee et al. 2011 , Sakai et al. 2012 .
Recently, clinical studies have demonstrated that the IL37 gene SNP rs3811047 GOA is related to the susceptibility to autoimmune diseases, such as ankylosing spondylitis (AS) (Pan et al. 2010) , disease activity of rheumatoid arthritis (RA) (Pei et al. 2012) , and gastric cardiac adenocarcinoma .
In our unpublished study, we found that the mRNA level of IL37 was significantly high in peripheral blood mononuclear cells of GD patients. To our knowledge, there has been no study to report the relationship between SNPs of IL37 and AITD patients so far. Therefore, the aim of the present study was to analyze the genetic association of the four SNPs of IL37 (rs3811046/rs3811047/rs2723176/ rs2723186/) with AITD in a large cohort of Chinese Han population. Furthermore, we analyzed the association between genotypes and AITD clinical phenotypes.
Materials and methods

Ethics statement
The research protocol was approved by the Ethics Committee of Jinshan Hospital of Fudan University (2014-05-01; 2015-01-01) . Written informed consents were obtained from all participants and/or their parents.
Study population
The study population (nZ1999) consisted of 1061 unrelated Chinese Han AITD patients, including 701 patients with GD and 360 patients with HT, and 938 unrelated, ethnically and geographically matched healthy controls. All AITD patients were enrolled from the Outpatient Department and Inpatient Department of Endocrinology of Jinshan Hospital of Fudan University. The healthy controls were recruited from the Health Check-Up Center of the same hospital. The subjects were all of selfreported Chinese Han ethnicity.
Clinical assessment
Inclusion criteria: AITDs patients were diagnosed as described in our published papers (Yan et al. 2014) . The diagnosis of GD was based on the presence of clinical and laboratory biochemical hyperthyroidism with diffuse goiter, decreased TSH value, increased levels of free thyroid hormones and supported by the positive anti-thyroid stimulating hormone receptor antibody (TRAb) and/or anti-thyroid peroxidase antibody (TPO-Ab) and/or antithyroglobulin (Tg-Ab) and/or exophthalmos. HT was diagnosed based on the presence of an enlarged thyroid and either TPO-Ab or Tg-Ab, with or without documented clinical and biochemical hypothyroidism. For the suspicious cases of HT, diagnoses were confirmed by fine needle aspiration biopsies (FNAB).
Exclusion criteria: all healthy controls had to exhibit no evidence of goiter, or TPO-Ab/Tg-Ab nor any personal or family history of thyroid diseases or any other autoimmune diseases.
The clinical phenotypes of AITD patients included: i) adult-or childhood-onset AITDs, according to the age at the time of disease onset (%18 years vs R19 years); ii) presence or absence of ophthalmopathy in the GD group (defined as a distinctive disorder characterized by inflammation and swelling of the extraocular muscles, eyelid retraction, periorbital edema, episcleral vascular injection, conjunctive swelling and proptosis); iii) presence or absence of thyroid dysfunction in HT group: euthyroid status or hypothyroidism; and iv) presence or absence of AITD family history.
Peripheral blood DNA extraction
Peripheral venous blood of 2 ml was collected from all the study participants. Genomic DNA was extracted from peripheral blood cells using the Relax Gene Blood DNA System (Tiangen Biotech Co., Ltd., Beijing, China), according to the manufacturer's guidelines. The concentration and purity of each DNA sample were measured by Nano Drop 2000 Spectro-photometer (Thermo Scientific Company, Waltham, MA, USA).
SNP selection and genotyping
Four SNPs (rs3811046/rs3811047/rs2723176/rs2723186) of IL37 gene were selected from the Hapmap CHB data (http://hapmap.ncbi.nlm.nih.gov/) using Haploview Software 4.2 (Barrett et al. 2005) . According to previously published literature, polymorphisms of these locis may also be associated with the susceptibility to AS or RA (Pan et al. 2010 , Pei et al. 2012 . All the tag SNPs met the following criteria: minor allele frequency (MAF)O0.05, Hardy-Weinberg equilibrium (HWE) with PO0.001 and logarithm of odds (LOD)O3.0. The minor allele frequency of the four SNPs among Chinese Han in Beijing, China (CHB) was as follows:
The genotyping of four SNPs of IL37 was conducted by Shanghai Biowing Applied Biotechnology Company (http://www.biowing.com.cn/) using ligase detection reactions (LDR) platform (Yan et al. 2014) . The target DNA sequences were amplified using multiplex polymerase chain reaction (PCR) method with specific primer sequences as follows: rs3811046 forward: 5 0 -GAGGCCT-
rs2723176 forward: 5 0 -ACAGACCTCCTGCCTCAGAA-3 0 ;
reverse: 5 0 -AAGGTGCTGGCAGTTGTTTT-3 0 ; rs2723186 forward: 5 0 -AAGGAGGCAGACACTTAGAC-3 0 ; reverse:
Extracted DNA was amplified by PCR using the Gene Amp PCR System 9600 (Perkin Elmer, Waltham, MA, USA). The amplification procedure consisted of initial denaturation at 95 8C for 2 min, denaturation at 94 8C for 90 s, annealing at 65 8C for 30 s, extension at 65 8C for 30 s with 40 cycles and final extension at 65 8C for 10 min. After the reaction, 2 ml of each product was run in a 3.0% agarose gel to determine whether the reaction had been successful. After completion of the amplification, the ligation detection reaction for each subject was carried out in a final volume of 10 ml containing 1 ml of buffer (1!), 1 ml of probe mix (2 pmol/ml), 4 ml of Multi-PCR product (100 ng/ml), 4 ml of H 2 O, 0.05 ml of 2U/ml Taq DNA ligase (New England Biolabs, Ipswich, MA, USA). The LDR was performed using 40 cycles of denaturation at 95 8C for 2 min, annealing at 94 8C for 15 s and extension at 50 8C for 25 s. The LDR fluorescent product was analyzed using an ABI sequencer 377 (Applied Biosystems), and the results were analyzed with Genemapper Software (Applied Biosystems).
In addition, to test the validity of the assay, we made double positive controls (duplication of the same DNA samples) and negative controls (samples without DNA) in genotyping procedure. Quality-control analysis was also performed so that only SNPs and samples that had passed the 95% quality-control threshold were subjected to further statistical analysis.
Statistical analysis
All statistical data analyses were performed with SPSS version 17.0 Software (SPSS, Inc. 
Power calculation
The power of the data was evaluated using the Power and Sample Size Calculation Software (Ps; version 3.0; http:// biostat.mc.vanderbilt.edu/twiki/bin/view/Main/PowerSampleSize) (Dupont & Plummer 1998) ). As the MAF of rs2723186 was the lowest among the four SNPs according to the Hapmap CHB data, we calculated the power of rs2323186. Considering the expected frequency of minor allele of rs2723186 in controls, the combined set of 760 GD patients and 938 controls gave a power of 94.1% with an ORZ0.77 at the 5% significance level.
Results
Demographic and clinical characteristics of each group
The demographic and clinical characteristics of all subjects are summarized in Table 1 . Among GD patients, 69.5% were females and the mean age was 36.86 years. Of the HT patients, 87.8% were females and the mean age was 35.09 years. In the control group, 67.1% individuals were females and the overall mean age was 38.61 years. There was no difference concerning the age and gender distribution between GD patients and controls. There was no difference in age distribution between HT patients and controls, either. However, female HT patients outnumbered male HT ones by seven times.
Association study of IL37 polymorphism with AITD
The distribution of genotype frequencies for each SNP (rs3811046/rs3811047/rs2723176/rs2723186) was in Hardy-Weinberg equilibrium in both the patients and the controls (Table 2) . The genotypic and allelic distribution of four SNPs were analyzed in AITD, GD and HT patients and compared with those of controls. The results are summarized in Table 3 . rs2723176 and rs2723186 polymorphisms appeared to be associated with AITD susceptibility. For rs2723176, the minor allele A frequency was significantly lower in both AITD and GD groups than in the control group and seemed to decrease the risks for AITD and GD (in AITD 13.3% vs 15.6%, PZ0.044, ORZ0.832, 95% CIZ0.696-0.995; in GD, 12.5% vs 15.6%, PZ0.014, ORZ0.774, 95% CIZ0.631-0.949). Similar results were also found for rs2723186. A significant decrease in the frequency of the minor A allele was observed in AITD and GD patient groups compared with that in the control However, we could not find significant differences in the genotype or allele frequencies of two SNPs (rs3811046 and rs3811047) between AITD patients, GD patients, HT patients and healthy controls. In further analysis for the association of four SNPs with susceptibility to AITD in female and male groups (Table 4) , the minor G allele of rs3811046 and the minor A allele of rs3811047 were significantly associated with a decrease in GD risk in female group (PZ0.030, ORZ0.777, 95% CIZ0.618-0.976; PZ0.023, ORZ0.774, 95% CIZ 0.620-0.966 respectively). The frequencies of rs2723186 genotypes in female GD patients differed significantly from those in the controls (PZ0.023); the A allele frequency was significantly lower than that of healthy controls (PZ0.029, ORZ0.761, 95% CIZ0.596-0.973). It was found that the frequency of A allele of rs2723176 was lower in GD female group but without statistical significance (PZ0.053). However, all four SNPs of IL37 gene did not reveal any significant associations with HT in female or male patients.
To evaluate the independent genetic effect of each SNP on the susceptibility to AITD, conditional logistic regression analysis was performed. As shown in Table 5 , the association of rs2723186 remained significant after adjustment for rs2723176 SNP genotypes. Adjusted P values (P adjusted) for rs2723186 under the dominant model were 0.041and 0.036 in AITD and GD after adjustment for rs2723176. The results suggest that rs2723186 SNP is independently associated with GD.
Analysis of haplotypic association
The four SNPs of IL37 gene were tightly linked to each other; a strong linkage disequilibrium was observed among rs3811047, rs2723176 and rs2723816 in controls using the Haploview 4.2, especially these three SNPs that were in the same LD block (Table 6 ). To further identify whether haplotypes of the IL37 gene were correlated with AITD, we created an LD map (Fig. 1) and analyzed haplotype frequency differences between AITD patients and controls (Table 7) . Haplotype analysis showed that three haplotypes, GCG, AAA and ACG, were detected in the IL37 gene. The frequency of haplotype GCG with GD patients was significantly higher than that in their control group (PZ0.034), the GCG haplotype conferred a significant increased risk for GD as a whole (ORZ1.213, a The data are presented as P adjusted values (AITD/ GD/ HT) from a multiplicative interaction model. The regression models were adjusted for age and sex.
Genotype and clinical phenotype correlations
The genotypes and alleles of the selected four SNPs were tested for interactions with such risk factors of AITD as cigarette smoking and family history, but without any notable effect (data not shown). Clinical parameters of AITD, including age of onset (%18 years or R19 years), GD with or without ophthalmopathy, intractable GD or GD in remission and HT patients with thyroid dysfunction (hypothyroidism or normal), were not associated with genotype or allele variants of the four tested SNPs either (data not shown).
Discussion
To the best of our knowledge, the present study was the first demonstration that the IL37 polymorphism is associated with susceptibility to AITD. The results of our study showed that carriers of the minor A allele of rs2723176 and rs2723186 were associated with a significantly decreased risk of GD; Moreover, the minor G allele of rs3811046 and the minor A allele of rs3811047 also significantly reduced the risk of GD in female patients. This suggests that the minor A allele of rs2723176/rs2723186/ rs3811047and the minor G allele of rs3811046 were the protective factors for GD. Our study contributes to the understanding of individual susceptibility to AITD when it is a carrier of protective alleles of IL37, highlighting the relevance of polymorphisms in inflammation-related gene as molecular marker for AITD. IL37 (IL1F7) has five splice variants (IL37a-e) and is the only IL1 family member that is not found in mice (Boraschi et al. 2011) . Recent studies revealed that IL37 has a strong anti-inflammatory effect during an innate immune response as well as in the development of inflammation (Nold et al. 2010 , Banchereau et al. 2012 . Published literature suggests that IL37 is expressed in various normal tissues, tumors (Pan et al. 2001 , Kumar et al. 2002 and by human peripheral blood mononuclear cells under inflammatory conditions, such as systemic lupus erythematosus (SLE) (Song et al. 2013 ), Behcet's disease (BD) (Ye et al. 2014) and acute coronary syndrome (Ji et al. 2014) . Genetic variants in inflammation-related cytokine genes may have the potential to alter the regulation of transcript production or function. Considering the role of the inflammation-related cytokines in the pathogenesis of the autoimmune response involved in AITD, a change in the function or the quantity of a particular cytokine may lead to the initiation or inhibition of the inflammatory process. The importance of IL37 in the immunological response is well established in existing literature. Thus, SNPs in the cytokine may have a role in the susceptibility to HT and GD in which the immune response is a major feature.
SNP rs3811046 (G/T transition) and rs3811047 (A/G transition) were located in exon 2 (amino acid position 31, 42 respectively). Both of the SNPs were missense mutations resulting in different amino acid codons (rs3811046: Gly/Val; rs3811047:Thr/Ala). Polymorphism of rs3811047 has been implicated in susceptibility to RA (Pei et al. 2012 , Shi et al. 2013 , AS (Pan et al. 2010) , and gastric cardiac adenocarcinoma . A study which recruited subjects (276 controls and 276 RA patients) from central plains of Chinese Han population indicated no significant correlation between RA susceptibility and rs3811047 SNP in IL37 gene; however, it also showed that RA patients with A allele were significantly better than those without A allele in joint swelling index, rest pain, HAQ scoring and blood sedimentation (Shi et al. 2013) . Another Chinese group had synchronously reported no statistically significant differences in the genetic polymorphism (genotypes and allele frequencies) of rs3811047 in the RA patients compared with controls (Pei et al. 2012) . They also found that those carrying A allele had less severe disease activity, suggesting that the A allele of rs3811047 may have a protective effect on RA. Wang et al. detected the allelic distribution of rs3811047 GOA polymorphism in 243 gastric cardiac adenocarcinoma cases and 476 controls, and observed that the rs3811047 GOA polymorphism was significantly associated with a decreased risk of gastric cardiac adenocarcinoma either in the single locus analysis or the recessive genetic model ). In agreement with existing studies, our study reports associations of the minor A allele of rs3811047 and the minor G allele of rs3811046 with protective effects from developing GD in female patients but not HT patients in a large case-control Chinese Han population. SNP rs2723176 and rs2723186 were both in the intron region. As far as we know, there is hardly any study on the polymorphism of the above two SNPs. We analyzed for the first time the associations of rs2723176/rs2723186 polymorphisms with susceptibility to AITD. Our results demonstrated that the minor A allele of rs2723176/ rs2723186 may be a protective factor for GD, can significantly decrease the risk of GD (ORZ0.774, 0.777 respectively), but does not associate with HT. After gender stratification, only the A allele of rs2723186 is significantly associated with a decreased risk in female GD patients (ORZ0.761).
Haplotype analysis is likely to continue to play an important role in genetic epidemiology studies (Schaid 2004) because it effectively captures both the joint marker correlations and the evolutionary history. Therefore, we carried out the haplotype analysis of the tested four SNPs between AITD patients and controls. The rate of haplotype GCG was significantly higher in GD, conferring a significant degree of risk for GD as a whole and in female GD patients. The rate of haplotype ACG was significantly higher in HT, suggesting an obviously increased risk of HT. In contrast, the rate of haplotype AAA was significantly lower in GD, showing a protective role for GD susceptibility. These results are consistent with those of the allele analysis of the four SNPs. It is worthwhile to point out that several limitations exist in our study. Firstly, because of limited SNPs included in our study, future studies using the high-throughput analytic methods available (i.e., gene sequencing) may help clarify our findings and provide further insights into the role of IL37 in AITD. In addition, the mechanisms by which four SNPs exert their roles are not comprehensively understood. Therefore, further studies are required to determine the functional variants of IL37 SNPs in AITD. Finally, findings from this study cannot be extrapolated to other ethnic groups. The relevance of IL37 gene risk variants to additional autoimmune diseases, autoimmune disease susceptibility in other populations and specific disease sub-phenotypes and outcomes needs to be addressed in large, well-characterized cohorts.
Conclusion
We were the first to evaluate the correlation of polymorphisms in IL37 gene with the susceptibility to AITD. Our study suggests that the minor A allele of rs3811047/rs2723176/rs2723186 and the minor G allele of rs3811046 have a protective influence on GD susceptibility.
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